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UHSUHVHQWVRQHRIWKHORQJHVWDQGKHDYLHVWYHKLFOHFRPELQDWLRQVSHUPLWWHGDFFHVVWKURXJKRXWWKHZRUOG
DQGLVXVHIXOIRUFRPSDUDWLYHSXUSRVHV

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI75$

.H\ZRUGV+HDY\YHKLFOHG\QDPLFSHUIRUPDQFHSDYHPHQWZHDUSURGXFWLYLW\HIILFLHQF\
:RUOGZLGHFRPSDULVRQRIWKHSHUIRUPDQFHRIKHDY\YHKLFOHV
,QWURGXFWLRQ
8QGHU WKH2(&'VWXG\ µ0RYLQJ)UHLJKWZLWK%HWWHU7UXFNV¶ 2(&' WHFKQLFDO JURXSV IURP
HDFKRIWKHSDUWLFLSDWLQJPHPEHUFRXQWULHV86$&DQDGD0H[LFR6RXWK$IULFD$XVWUDOLDDQG(XURSH
ZHUH DVNHG WR SURYLGH WHFKQLFDO VSHFLILFDWLRQV IRU D UDQJH RI KHDY\ YHKLFOH FRPELQDWLRQV GHVLJQHG IRU
ORQJKDXO WUDQVSRUW RSHUDWLRQV 7KHVH YHKLFOH FRPELQDWLRQV ZHUH WKHQ DVVHVVHG XVLQJ D YDULHW\ RI
SHUIRUPDQFH PHDVXUHV DLPHG DW DGGUHVVLQJ FULWLFDO DVSHFWV RI YHKLFOH RQURDG RSHUDWLRQ LQFOXGLQJ
HIILFLHQF\ SURGXFWLYLW\ HQYLURQPHQWDO SHUIRUPDQFH DFWLYH VDIHW\ DQG LPSDFW RQ LQIUDVWUXFWXUH WKXV
IRUPLQJWKHWHFKQLFDOEDVLVRIWKHEHQFKPDUNLQJVWXG\,QRUGHUWRHQVXUHFRUUHFWFRPSDULVRQVZHUHGUDZQ
EHWZHHQVLPLODUYHKLFOHVIURPGLIIHUHQWFRXQWULHVWKHYHKLFOHVZHUHGLYLGHGLQWRWKUHHJURXSVDFFRUGLQJ
WRJURVVYHKLFOHPDVV*90DQGRYHUDOOOHQJWKDVRXWOLQHGEHORZ

x µZRUNKRUVH¶YHKLFOHVZLWK*90OHVVWKDQWRQQHVDQGDOHQJWKOHVVWKDQPHWHUV
x µKLJKHUFDSDFLW\¶YHKLFOHVZLWK*90OHVVWKDQWRQQHVDQGDOHQJWKOHVVWKDQPHWHUV
x µYHU\KLJKFDSDFLW\¶YHKLFOHVZLWK*90JUHDWHUWKDQWRQQHVDQGDOHQJWKJUHDWHUWKDQPHWHUV

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:RUNKRUVH YHKLFOHV DUH VKDGHG LQ JUHHQ KLJKHU FDSDFLW\ YHKLFOHV DUH VKDGHG LQ \HOORZ DQG YHU\ KLJK
FDSDFLW\YHKLFOHVDUHVKDGHGLQUHG7KLVSDSHUVHOHFWVWHQRIWKHVHYHKLFOHVWKDWKDYHSDUWLFXODUUHOHYDQFH
IRUWUDQVSRUWLQ(XURSHJLYHQWKHFXUUHQWORFDOGHEDWHRQLQFUHDVHGPDVVHVDQGZHLJKWVRIWKHVHYHKLFOHV
DQGFRPSULVHYHKLFOHVWKDWKDYHEHHQSUHYLRXVO\RSHUDWHGDUHFXUUHQWO\LQRSHUDWLRQRUH[LVWVPHUHO\DV
SURSRVDOV 7KH YHKLFOHV LQ WKH FDWHJRU\ µYHU\ KLJK FDSDFLW\¶ FRXOG QRW FRQFHLYDEO\ RSHUDWH ZLWKLQ
(XURSH¶VFXUUHQWWUDQVSRUWQHWZRUNGXHWRWKHLURYHUDOOOHQJWKDQGPDVVKRZHYHUWKH$XVWUDOLDQµ%WULSOH¶
FRPELQDWLRQIURPWKLVFDWHJRU\KDVEHHQLQFOXGHGLQWKHJURXSRIWHQIRUFRPSDUDWLYHSXUSRVHV7KHWHQ
YHKLFOHVDUHVKDGHGLQ)LJXUH

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
)LJ7KHYHKLFOHVRIWKH2(&'VWXG\ZLWKWKHWHQYHKLFOHVLQYHVWLJDWHGLQWKLVSDSHUVKDGHGGDUNHU
7DEOH VKRZV WKHPD[LPXPSHUPLWWHGZHLJKW WKHPD[LPXPSD\ORDGPDVV DQG WKH WRWDO OHQJWK IRU
WKHVH WHQ YHKLFOHV :LWKLQ WKLV JURXS RI YHKLFOHV D GHJUHH RI UHDVRQ PXVW EH DFNQRZOHGJHG ZKHQ
FRQVLGHULQJWKHIHDVLELOLW\RIWKHLURSHUDWLRQ9HKLFOHVVKDGHGLQJUHHQFRPSULVLQJWKHFXUUHQW(XURSHDQ
µVZDS ERG\¶ DQG VHPLWUDLOHU FRPELQDWLRQV UHSUHVHQW FRQYHQWLRQDO GHVLJQV DQG SUHVHQWO\ RSHUDWH
WKURXJKRXW(XURSH0HDQZKLOH WKHSRVVLEOH µIXWXUH¶ VHPLWUDLOHU FRXOGEH H[SHFWHG WRRSHUDWHZLWKRXW
SRVLQJDQ\LVVXHV

9HKLFOHVVKDGHGLQ\HOORZDQGUHGDUHDOVRSUHVHQWO\LQOLPLWHGRSHUDWLRQDQGW\SLFDOO\XQGHUVSHFLDO
SHUPLW VFKHPHV DV LV WKH FDVH IRU WKH *HUPDQ µORQJ WUXFN¶ WULDO YHKLFOH DQG WKH 'XWFK WULSOH ULJLG LQ
UHFRJQLWLRQRI WKHFDUH WKDWPXVWEH WDNHQ LQJUDQWLQJDFFHVV IRU WKHVHYHKLFOHV7KH6FDQGLQDYLDQULJLG
WUXFNWUDLOHU %GRXEOH DQG WKH (XURSHDQ VHPLWUDLOHU DQG ULJLG DUH (XURSHDQ0RGXODU 6\VWHP (06
YHKLFOHVZKLFKXWLOL]HH[LVWLQJYHKLFOHLQYDULRXVFRPELQDWLRQVWRFUHDWHORQJHUDQGKHDYLHUYHKLFOHV

7DEOH3HUPLWWHGWRWDOJURVVFRPELQDWLRQPDVVWSD\ORDGWDQGRYHUDOOOHQJWKPIRUWKHVHOHFWHGYHKLFOHV

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
9LDWKHFRPSDULVRQRIYHKLFOHSHUIRUPDQFHUHVXOWVLQWKHNH\DUHDVGLVFXVVHGHDUOLHULWZLOOEH
GHPRQVWUDWHGWKDWVRPHFRPPRQPLVFRQFHSWLRQVUHJDUGLQJORQJHUDQGKHDYLHUYHKLFOHVKDYHOLWWOH
VFLHQWLILFEDVLVDQGLQPDQ\FDVHVORQJHUDQGKHDYLHUYHKLFOHVFDQRIIHUEHWWHUSHUIRUPDQFHLQNH\DUHDV
WKDQH[LVWLQJYHKLFOHVRIFRQYHQWLRQDOGHVLJQ
9HKLFOHSURGXFWLYLW\
7KHEDVLFFDVHIRU ORQJHUDQGKHDYLHUYHKLFOHV LVFRQFHSWXDOO\VLPSOH/RQJHUYHKLFOHVFDQ WUDQVSRUW
PRUHYROXPHDQGKHDYLHUYHKLFOHVFDQWUDQVSRUWPRUHPDVV WKXVDGGUHVVLQJWZRNH\FRQVWUDLQWVRI WKH
URDGIUHLJKWWUDQVSRUWLQGXVWU\7KHPDJQLWXGHRIWKHSURGXFWLYLW\EHQHILWVRIORQJHUDQGKHDYLHUYHKLFOHV
LVUHODWLYHO\KLJK$VDQH[DPSOH(06YHKLFOHVKDYHWKHSRWHQWLDO WRLQFUHDVHFXUUHQWSD\ORDGYROXPHV
DQGPDVVHVE\DQDSSUR[LPDWHIDFWRURIRUHIIHFWLYHO\PHDQLQJWKDWWZR(06YHKLFOHVFDQSHUIRUP
WKHVDPHWUDQVSRUW WDVNDV WKUHHSUHYLRXVYHKLFOHV7KLVDSSURDFKDOVRKDV WKHGLVWLQFWEHQHILW WKDW OLWWOH
DGGLWLRQDO FRVW LV UHTXLUHG DV WKH (06 FRQFHSW LV EDVHG RQ H[LVWLQJ YHKLFOH XQLWV +RZHYHU WKLV DOVR
FDXVHV WKH PDLQ GLVDGYDQWDJH WKDW WKHUH LV QR IOH[LELOLW\ WR FKDQJH WKH GHVLJQ DFFRUGLQJ WR VSHFLILF
RSHUDWLRQDOUHTXLUHPHQWVRUFRQVWUDLQWV

,Q HYDOXDWLQJ WKH SURGXFWLYLW\ RI YHKLFOH FRPELQDWLRQV WKH UDWLR RI SD\ORDG WR DYDLODEOH WUDQVSRUW
YROXPHLVRISDUWLFXODULQWHUHVWDVWKLVJLYHVDQLQVLJKWLQWRWKHRSWLPDOFDUJRGHQVLW\WPLQRUGHUWR
DFKLHYHFRPSOHWHXWLOL]DWLRQRIWKHYHKLFOHLQWHUPVRIPDVVDQGYROXPH7KHFDOFXODWLRQRIRSWLPDOFDUJR
GHQVLW\IRUHDFKRIWKHWHQYHKLFOHVLVVKRZQLQ)LJXUH/RZHUUHVXOWVORZRSWLPXPGHQVLW\LQGLFDWH
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WKDWDYHKLFOHFRPELQDWLRQLVEHWWHUVXLWHGWRORZGHQVLW\IUHLJKWDQGYLFHYHUVD0RVWYHKLFOHVIDOOZLWKLQ
WKHUDQJHRIWRWPDQGZLOOWKHUHIRUHW\SLFDOO\UHDFKWKHLUPD[LPXPRSHUDWLQJPDVVDVGHILQHG
E\D[OH ORDG OLPLWVEHIRUH UXQQLQJRIFDUJRVSDFH ,Q WKLVFRQWH[W DKLJKHU UHVXOW LVEHWWHU DVYHKLFOHV
ZLWKDORZRSWLPXPGHQVLW\DUHUHVWULFWHGWRFDUU\LQJYHU\ORZGHQVLW\IUHLJKWVXFKDVWKH*HUPDQµORQJ
WUXFN¶WULDOYHKLFOH,WVKRXOGEHQRWHGKRZHYHUWKDWWKHJURVVPDVVIRUWKLVYHKLFOHZDVUHVWULFWHGWR
WRQQHV ,Q SHUIRUPLQJ WKHVH FDOFXODWLRQV HVWLPDWHV ZHUH PDGH IRU WKH WDUH XQORDGHQ PDVVHV RI HDFK
LQGLYLGXDOYHKLFOHXQLWDQGDUHVKRZQLQ$SSHQGL[$)LJXUHV IRUFDUJRYROXPHIRUHDFKYHKLFOHZHUH
SURYLGHGE\URDGDXWKRULWLHVZLWKLQHDFKRIWKHPHPEHUFRXQWULHVWKDWSDUWLFLSDWHGLQWKHVWXG\



)LJXUH2SWLPXPFDUJRGHQVLW\UHVXOWV>WPñ NJGPñ@
3URGXFWLYLW\LQUHODWLRQWRHQHUJ\FRQVXPSWLRQDQG&2HPLVVLRQV
$Q LPSRUWDQW FRQVLGHUDWLRQ IXUWKHU WR FDUJR GHQVLW\ LV WKH SURGXFWLYLW\ RI WKH YHKLFOH LQ WHUPV RI
WUDQVSRUWHGPDVVDQGYROXPHLQUHODWLRQWRWKHYHKLFOH¶VHQHUJ\FRQVXPSWLRQDQG&2HPLVVLRQV,QWKLV
FRQWH[WWKHRYHUDOODLPLVWRWUDQVSRUWWKHKLJKHVWPDVVRUYROXPHRIJRRGVZKLOHPLQLPL]LQJHPLVVLRQV
DVIDUDVSRVVLEOH

,Q WKHVH FDOFXODWLRQV YHKLFOH HQHUJ\ FRQVXPSWLRQ ZDV GHWHUPLQHG DVVXPLQJ D W\SLFDO RQKLJKZD\
VFHQDULRFRQVWDQWVSHHGWUDYHONPKRQDIODWURDGZLWKQRKHDGZLQGZLWKHQHUJ\ORVVHVYLDUROOLQJ
UHVLVWDQFH DLU UHVLVWDQFH DX[LOLDU\ SRZHU UHTXLUHPHQWV DQG GULYHOLQH LQHIILFLHQFLHV )RU VLPSOLFLW\ D
FRQVWDQW GULYHOLQH ORVV RI  DQG DX[LOLDU\ HTXLSPHQW FRQVXPSWLRQ RI  N:K ZDV DSSOLHG WR DOO
YHKLFOHVUHJDUGOHVVGLPHQVLRQVDQGPDVV>@

)RU WKHFDOFXODWLRQRIHQHUJ\FRQVXPSWLRQGXH WRDLU UHVLVWDQFHD IURQWDODUHDRIPðDQGDGUDJ
FRHIILFLHQW LQ WKHUDQJHRI WRGHSHQGLQJRQ WKHYHKLFOH¶VRYHUDOO OHQJWKDQGQXPEHURI WUDLOHUV
ZDVDVVXPHG ,Q UHODWLRQ WR UROOLQJ UHVLVWDQFHD VLPSOHFDOFXODWLRQZDVSHUIRUPHGXVLQJ WKH UHVSHFWLYH
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ODGHQPDVVRIWKHYHKLFOH¶VD[OHVDQGUROOLQJUHVLVWDQFHIDFWRUVRIIRUVLQJOHW\UHGD[OHVDQG
IRUGXDOW\UHGD[OHV

8VLQJWKLVPHWKRGYHKLFOHHQHUJ\FRQVXPSWLRQXQGHUWKHDVVXPHGVFHQDULRZDVFDOFXODWHGIRUHDFKRI
WKHWHQYHKLFOHFRPELQDWLRQV)LJXUHVKRZVDQH[DPSOHRIWKHUHVXOWVRIWKHFDOFXODWLRQVSHUIRUPHGIRUD
W\SLFDOWRQQH(XURSHDQVHPLWUDLOHUFRPELQDWLRQJLYLQJWKHWRWDOSRZHUUHTXLUHPHQWVIRUWKHDVVXPHG
VFHQDULRDQGWKHEUHDNGRZQRIWKLVUHTXLUHPHQWDVSHUWKHIRXUDUHDVGLVFXVVHG



)LJXUH3RZHUUHTXLUHPHQWRIDW\SLFDO(XURSHDQVHPLWUDLOHURSHUDWLQJDWDFRQVWDQWVSHHGRINPK

8VLQJWKHVHFDOFXODWLRQVSRZHUUHTXLUHPHQWFDQEHFRQYHUWHGGLUHFWO\LQWRIXHOFRQVXPSWLRQDQGDOVR
WR&2HPLVVLRQV8VLQJD IXHOFRQVXPSWLRQ ILJXUHRIJN:KDQGD&2HPLVVLRQ IDFWRURI
NJN:K2(&'WKHSURGXFWLYLW\RIHDFKYHKLFOHLQWHUPVRILWV&2HPLVVLRQVFDQEHFDOFXODWHG
DQGLVVKRZQLQ)LJXUHUHODWLYHWRWUDQVSRUWYROXPHDQG)LJXUHUHODWLYHWRSD\ORDG

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

)LJXUH)XHOFRQVXPSWLRQDQG&2HPLVVLRQVLQUHODWLRQWRWUDQVSRUWYROXPH



)LJXUH)XHOFRQVXPSWLRQDQG&2HPLVVLRQVLQUHODWLRQWRSD\ORDG

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+HUHLWLVFOHDUO\HYLGHQWWKDWODUJHUYHKLFOHVZLWKKLJKHURSWLPXPFDUJRGHQVLW\UHVXOWVDUHPRUH
SURGXFWLYHWKDQVPDOOHUYHKLFOHLQWKHVHPHDVXUHVXVLQJOHVVIXHODQGHPLWWLQJOHVVFDUERQIRUDJLYHQ
WUDQVSRUWWDVN$JDLQWKH*HUPDQµORQJWUXFN¶WULDOYHKLFOHE\YLUWXHRILWVORZHUJURVVPDVVKDVSRRU
SHUIRUPDQFHLQWHUPVRIPDVVHIILFLHQF\EXWH[FHOOHQWSHUIRUPDQFHLQWHUPVRIYROXPHHIILFLHQF\
'\QDPLFEHKDYLRUDQGDFWLYHVDIHW\
7KH G\QDPLF EHKDYLRU RI WKH YHKLFOH FRPELQDWLRQV ZDV LQYHVWLJDWHG E\ FRPSXWHU VLPXODWLRQ XVLQJ
VLPXODWLRQPRGHOVGHYHORSHGE\$55%*URXS/WG$55%DQGSHUIRUPHGLQDFFRUGDQFHZLWKWKHUXOHV
RI WKH $XVWUDOLDQ µ3HUIRUPDQFH %DVHG 6WDQGDUGV¶ 3%6 VFKHPH 7KH VLPXODWLRQ H[HUFLVH H[DPLQHG
YHKLFOH SHUIRUPDQFH DFFRUGLQJ WR  FULWHULD KRZHYHU IRU EUHYLW\ RQO\ WKH PRVW LQWHUHVWLQJ DQG PRVW
UHOHYDQWLQWHUPVRIRQURDGVDIHW\DUHSUHVHQWHGKHUH7KHVHDUH

x /RZVSHHGVZHSWSDWKORZVSHHGPDQHXYHUDELOLW\
x 5HDURIIWUDFNLQJZKLOHWUDYHOOLQJDWKLJKVSHHGRQDXQHYHQURDG
x 5HDUZDUGDPSOLILFDWLRQDQGDQGUHDUWUDLOHURIIWUDFNLQJZKLOHFKDQJLQJODQHVVKDUSO\DWKLJKVSHHG

7KHORZVSHHGVZHSWSDWKFKDUDFWHULVWLFVDUHDFULWLFDOLVVXHIRUYHKLFOHVRSHUDWLQJLQRUQHDUEXLOWXS
DQG XUEDQL]HG DUHDV DV WKHVH DUHDV RIWHQ FRPSULVH LQIUDVWUXFWXUH VXFK DV URXQGDERXWV DQG QDUURZ
LQWHUVHFWLRQVDQGKD]DUGRXVVLWXDWLRQVPD\DULVHLIDYHKLFOHUHTXLUHVPRUHVSDFHIRUPDQHXYHULQJWKDQLV
DYDLODEOH7KHGHILQHGSHUIRUPDQFHFULWHULD LQ WKLV UHJDUG LV WKH WRWDO VZHSWZLGWKRI WKHYHKLFOHDQG LWV
WUDLOHUV ZKLOH QHJRWLDWLQJ D WXUQ RI UDGLXV RI  P IRU D GHJUHH DUF DW ORZ VSHHG DV VKRZQ LQ
)LJXUH



)LJXUH2SHUDWLQJFKDUDFWHULVWLFVFXUYHIRUWKH$XVWUDOLDQ3%6PHWKRG>@

)LJXUH  VKRZV WKH UHVXOWV GHPRQVWUDWHG E\ HDFK RI WKH WHQ YHKLFOHV ,W LV HYLGHQW WKDW D FOHDU
UHODWLRQVKLS H[LVWV EHWZHHQ YHKLFOH OHQJWK QXPEHU RI FRXSOLQJ SRLQWV DQG WKH DPRXQW RI FOHDU VSDFH
UHTXLUHGZKHQ FRPSOHWLQJ WKH WXUQLQJ PDQHXYHU (YHQ VR ZKHQ FRQVLGHULQJ WKLV LVVXH LW LV RI FULWLFDO
LPSRUWDQFHWRUHFRJQLVHWKDWVXFKDFKDUDFWHULVWLFGRHVQRWPHDQWKDWORQJHUYHKLFOHVDUHLQKHUHQWO\XQVDIH
LQWKLVUHJDUGRQO\WKDWWKHLULQWURGXFWLRQVKRXOGEHOLPLWHGWRDUHDVRIWKHURDGQHWZRUNZKLFKKDYHEHHQ
LQYHVWLJDWHGDQGGHWHUPLQHGDVEHLQJFDSDEOHRIVDIHO\DFFRPPRGDWLQJWKHP

Ĩ1RWH7KH%ULWLVK6HPLWUDLOHUKDVDKHLJKWRIPLQVWHDGRIXVXDOO\P
7UDYHOGLUHFWLRQ
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


)LJXUH7RWDOVZHSWZLGWKUHVXOWVIRUWKHORZVSHHGWXUQLQJPDQHXYHU

7KHPHDVXUHXVHGLQ(XURSHWRDGGUHVVSHUIRUPDQFHLQWKLVUHJDUGLV WKHµ%2.UDIWNUHLV¶ WHVWZKLFK
FRPSULVHVD VLPLODUEXW VOLJKWO\PRUHGLIILFXOW WXUQLQJPDQHXYHUYHKLFOHVPXVWQHJRWLDWHDGHJUHH
WXUQDQG UHPDLQZLWKLQDQDUHDRI URDGZD\GHILQHGE\DQ µLQQHU¶FLUFOHRIGLDPHWHUPHWHUV DQGDQ
µRXWHU¶ FLUFOH RI GLDPHWHU  PHWHUV 6XFFHVVIXO QDYLJDWLRQ RI WKH %2.UDIWNUHLV PDQHXYHU LV D
UHTXLUHPHQWEXWLWLVQRWDOZD\VVXIILFLHQWDVDSHUIRUPDQFHPHDVXUHDVWKHUHDUHRFFDVLRQDOO\SUREOHPV
H[SHULHQFHGZKHQPDQHXYHULQJYHKLFOHVRIFRQYHQWLRQDOGHVLJQDQGGLPHQVLRQVRQ(XURSHDQURDGV

7KHRSHUDWLRQRI FHUWDLQYHKLFOH FRPELQDWLRQVRQ XQHYHQ URDGVPDQ\ DOVREH DSUREOHPGXH WR WKH
WHQGHQF\ IRU µRIIWUDFNLQJ¶RI WKH UHDUPRVW WUDLOHURI WKHYHKLFOHZKHUH WKH WUDLOHU VZHHSVDZLGHUDUHD
WKDQWKHWRWDOZLGWKRIWKHYHKLFOHGXHWRWKHLQIOXHQFHRIWKHURXJKQHVVRIWKHURDGRQWKHYHKLFOH¶VW\UHV
DQG VXVSHQVLRQ7KLV ODWHUDOPRYHPHQWPD\ SRVH D GDQJHU WR RWKHU URDG XVHUV RU FRXOG FDXVH WKH UHDU
WUDLOHU WR OHDYH WKHSDYHGVXUIDFHRI WKHURDG LI WKHURDGZD\ LV VXIILFLHQWO\QDUURZDQG WKHUH LVQRKDUG
VKRXOGHU

)LJXUHVKRZVWKHVLPXODWHGSHUIRUPDQFHUHVXOWVIRURIIWUDFNLQJRQW\SLFDOURXJKKLJKZD\VXUIDFHVDW
D WUDYHO VSHHG RI  NPK IRU WKH WHQ YHKLFOH FRPELQDWLRQV (YLGHQWO\ SHUIRUPDQFH UHVXOWV DUH VLPLODU
DFURVV WKH YHKLFOH FDWHJRULHV DQG WKHUH DUH ORQJHU DQG KHDYLHU YHKLFOHV VXFK DV WKH µ(06¶ YHKLFOHV
ZKLFKKDYHVLPLODUSHUIRUPDQFHWRWKHH[LVWLQJYHKLFOHVVXFKDVWKH(XURSHDQµVZDSERG\¶7KLVUHVXOW
VXJJHVWVWKDW ORQJHUDQGKHDYLHUYHKLFOHVPD\QRWSRVHDFRQFHUQIRU(XURSHDQKLJKZD\VLQWKLVUHJDUG
KRZHYHUFDUHVKRXOGEHWDNHQWRHQVXUHWKDWODQHZLGWKVDQGRWKHUNH\DVSHFWVRIURDGZD\JHRPHWU\DUH
VXIILFLHQWWRDFFRPPRGDWHVXFKYHKLFOHV

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

)LJXUH7RWDOVZHSWZLGWKRIWKHYHKLFOHZKLOHWUDYHOOLQJRQDURXJKURDGDWNPK

7KHµODQHFKDQJH¶PDQHXYHUWR,62>@LVXVHGWRDVVHVVWZRLPSRUWDQWSURSHUWLHVLQWKH
G\QDPLF EHKDYLRU RI KHDY\ FRPPHUFLDO YHKLFOHV WKH µUHDUZDUG DPSOLILFDWLRQ¶ DQG WKH µUHDU WUDLOHU RII
WUDFNLQJ¶ERWKDVPHDVXUHVIRUWKHODWHUDOPRYHPHQWRIWKHUHDUWUDLOHU7KHPDQHXYHULVVLPXODWHGXVLQJD
VWHHULQJDQJOHLQSXWJLYHQWRUHSOLFDWHWKHODQHFKDQJHPDQHXYHUDQGPXVWFDXVHDODWHUDODFFHOHUDWLRQRI
JDWWKHVWHHUD[OH

5HDUZDUGDPSOLILFDWLRQGHVFULEHVWKHWHQGHQF\IRUDWUDLOHUWRH[SHULHQFHDKLJKHUODWHUDODFFHOHUDWLRQ
WKDQ WKH KDXOLQJ XQLW ,W LV DQ LPSRUWDQW RQURDG VDIHW\ FRQVLGHUDWLRQ DV WKH ODWHUDO DFFHOHUDWLRQ DQG
VXEVHTXHQWµWLOWLQJ¶RIWKHUHDUWUDLOHUFDQOHDGWRUROORYHURIWKHHQWLUHYHKLFOHLIVXIILFLHQWO\VHYHUH7KH
SK\VLFDOPHDVXUHRI UHDUZDUG DPSOLILFDWLRQ LV WKH UDWLRRI WKH SHDN ODWHUDO DFFHOHUDWLRQ RI WKH FHQWHU RI
JUDYLW\ RI WKH UHDU XQLW RI WKH YHKLFOH WR WKDW DW WKH VWHHULQJ D[OH RI WKH KDXOLQJ XQLW /RZHU YDOXHV RI
UHDUZDUGDPSOLILFDWLRQLPSO\ORZHUUROORYHUULVN7KHUHVXOWVIRUWKLVSHUIRUPDQFHPHDVXUHDUHVKRZQLQ
)LJXUH

7KHVHUHVXOWVVKRZWKDWPRVWYHKLFOHVGHPRQVWUDWHD UHDUZDUGDPSOLILFDWLRQUDWLRRI LQGLFDWLQJD
ORZOHYHORIUHDUZDUGDPSOLILFDWLRQRIODWHUDODFFHOHUDWLRQV,QWHUHVWLQJO\EHWWHUSHUIRUPDQFHLVQRWFOHDUO\
LQGLFDWHGE\YHKLFOHVRIDQGSDUWLFXODUFDWHJRU\DOWKRXJKWKHUHDUH(06FRPELQDWLRQVZKLFKGHPRQVWUDWH
EHWWHU SHUIRUPDQFH WKDQ VKRUWHU FRQYHQWLRQDO YHKLFOHV 7KH 'XWFK WULSOH ULJLG WUDLOHU KDV YHU\ SRRU
SHUIRUPDQFHLQWKLVUHJDUG7KHVHUHVXOWVKLJKOLJKWDQLPSRUWDQWILQGLQJRIWKH2(&'VWXG\QDPHO\WKDW
FRPELQDWLRQVZLWK ILIWKZKHHOFRXSOLQJVKDYHEHWWHUSHUIRUPDQFH LQ WKLV UHJDUG WKHQYHKLFOHVZLWKEROW
KLWFKFRXSOLQJVLOOXVWUDWLQJWKDWSHUIRUPDQFHLQWKLVPHDVXUHLVPRUHKHDYLO\LQIOXHQFHGE\YHKLFOHGHVLJQ
UDWKHUWKDQRYHUDOOOHQJWKDQGPDVV

5HDUWUDLOHURIIWUDFNLQJPHDVXUHVWKHODWHUDOPRYHPHQWRIWKHUHDUWUDLOHUH[SHULHQFHGGXULQJWKHODQH
FKDQJHPDQHXYHU ,W LV DQ LPSRUWDQW VDIHW\ FRQVLGHUDWLRQ EHFDXVH D ODUJH H[FXUVLRQ IURP WKH YHKLFOH¶V
WUDYHOODQHFRXOGHQGDQJHURWKHUURDGXVHUV7KHUHVXOWVIRUWKLVPHDVXUHDUHVKRZQLQ)LJXUH$JDLQ
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WKH UHVXOWV GHPRQVWUDWH WKDW YHKLFOHV ZLWK ILIWK ZKHHOV FRXSOLQJV GHPRQVWUDWH EHWWHU SHUIRUPDQFH
)XUWKHUPRUHLWLVHYLGHQWWKDWORQJHUDQGKHDYLHUYHKLFOHFRPELQDWLRQVDUHQRWQHFHVVDULO\XQVDIHLQVRPH
FDVHVH[KLELWLQJEHWWHUSHUIRUPDQFHWKDQFRQYHQWLRQDOYHKLFOHV



)LJXUH5HDUZDUGDPSOLILFDWLRQUDWLRPHDVXUHGYLDWKHODQHFKDQJHPDQHXYHU



)LJXUH/DWHUDORIIWUDFNLQJRIWKHUHDUWUDLOHUPHDVXUHGYLDWKHODQHFKDQJHPDQHXYHU
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9HKLFOHLPSDFWRQWKHURDGVXUIDFH
,QEHQFKPDUNLQJYHKLFOHSHUIRUPDQFH WKH LPSDFWRI WKHYHKLFOHRQ WKH URDGVXUIDFH LV DQ LPSRUWDQW
FRQVLGHUDWLRQDVGDPDJLQJHIIHFWVVKRXOGEHPLQLPL]HGDVIDUDVSUDFWLFDEOHLQRUGHUWRHQVXUHSURWHFWLRQ
RI URDG LQIUDVWUXFWXUH7KHSULPDU\FRQFHUQ LQ WKLV UHJDUG LV WKHGHJUHH WRZKLFK WKHYHKLFOHZLOO FDXVH
µUXWWLQJ¶RIWKHURDGVXUIDFHDQGFDQEHFDOFXODWHGXVLQJWKH&267PHWKRG(XURSHDQ&RPPLVVLRQ
'LUHFWRUDWH *HQHUDO 7UDQVSRUW  >@ LI WKH W\UH FKDUDFWHULVWLFV ZLGWK GLDPHWHU WKH DUUDQJHPHQW
VLQJOHWZLQDQGWKHVLQJOHD[OHORDGVDUHNQRZQ7KHIROORZLQJIRUPXODVDVGHILQHGLQWKHµ&267¶
PHWKRGZHUHXVHG>@

/RDG(TXLYDOHQFH)DFWRU/() VLQJOHD[OHORDGð
7\UH&RQILJXUDWLRQ)DFWRU7&) W\UHZLGWK[W\UHGLDPHWHU
$[OHUHODWHGGDPDJHIDFWRU$:) 7&)[/()
9HKLFOHUHODWHGGDPDJHIDFWRU9:) Ȉ$:)
7&)VHHDOVR7DEOHLQWKH&267UHSRUW

7DEOHVKRZVH[DPSOHFDOFXODWLRQVIRUDW\SLFDOD[OHVHPLWUDLOHUFRPELQDWLRQZLWKWRQQHJURVV
PDVV7KHPRVW µGDPDJLQJ¶D[OHVDUH WKHVWHHUDQGGULYHD[OHVZLWKUHODWLYHO\KLJKPDVVHVDQGQDUURZ
W\UHZLGWK)XUWKHULQVLJKWVFDQEHJDLQHGE\FDOFXODWLQJWKHYHKLFOH¶VSD\ORDGUHODWHGGDPDJHIDFWRUYLD
WKHUDWLRRIWKHYHKLFOH¶VZHDUIDFWRUWRWKHSD\ORDGFDUULHGDQGFDQDOVREHDXVHIXOPHDQVRIFRPSDULQJ
WKHSD\ORDGUHODWHGGDPDJHSHUIRUPDQFHRIGLIIHUHQWYHKLFOHVDVVKRZQEHORZ

3D\ORDGUHODWHGYHKLFOHGDPDJHIDFWRU3(5 9:)SD\ORDG

7DEOH$QH[DPSOHSDYHPHQWLPSDFWFDOFXODWLRQDQGUHVXOWVIRUDW\SLFDOD[OHVHPLWUDLOHUZLWKWRQHVJURVVPDVVDQGW
SD\ORDG

7\UHV 5 5 5 5 5
'XDO6LQJOH VLQJOH GXDO VLQJOH VLQJOH VLQJOH
$[OHORDGW     
7&)     
$:)     
9:) 
3(5  

)RUWKHVHOHFWHGFRPELQDWLRQVRIWKHWHQYHKLFOHVWKHSD\ORDGDQGYHKLFOHUHODWHGGHJUHHRIGDPDJHLV
VKRZQLQ)LJXUH(YLGHQWO\DQGSHUKDSVPRVWVXUSULVLQJO\DKLJKJURVVPDVVGRHVQRWGLUHFWO\
FRUUHODWHWRSRRUURDGZHDUSHUIRUPDQFHLILWLVVXSSRUWHGYLDDFDUHIXOGLVWULEXWLRQRIWKHSD\ORDGDFURVV
WKHYHKLFOH¶VD[OHVDQGWLUHVDVLVWKHFDVHIRUWKH(06YHKLFOHV

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

)LJXUH3D\ORDGUHODWHGURDGGDPDJHIDFWRUIRUYHKLFOHFRPELQDWLRQVWZLQIXOOEODFN
1RWH0RVW6FDQGLQDYLDQ(06YHKLFOHVGRQ¶WKDYHGRXEOHGULYHD[OHVEXWRQHGULYHDQGRQHWRZHGD[OH7KHODWWHULV
VLQJOHW\UHHTXLSSHG

$OVRZRUWK\RIQRWHLVWKH(XURSHDQµIXWXUH¶FRQFHSWYHKLFOHZKLFKVSUHDGVWRQQHVDQLQFUHDVHRQWKH
FXUUHQWO\DOORZHGWRQQHVDFURVVIRXUD[OHVDQGUHSUHVHQWVDQLQFUHDVHLQWHUPVRISD\ORDGUHODWHGURDG
ZHDUSHUIRUPDQFHRIURXJKO\ZKHQFRPSDUHGWRDWRQHYHKLFOHZLWKILIHD[OHV
&RQFOXVLRQV
7KH2(&'VWXG\EHQFKPDUNHGGLIIHUHQWYHKLFOHFRPELQDWLRQVIURPPHPEHUFRXQWULHVLQWKHDUHDVRI
SURGXFWLYLW\ DQG HQYLURQPHQWDO SHUIRUPDQFH GULYLQJ G\QDPLFV DQG DFWLYH VDIHW\ DQG URDG LPSDFWV $
UHYLHZRI WKH SHUIRUPDQFH GHPRQVWUDWHG E\ D VHOHFWLRQ RI WHQ RI WKHVH YHKLFOHV FKRVHQ IRU UHDVRQV RI
UHOHYDQFH IRU WUDQVSRUW LQ (XURSH JLYHQ WKH FXUUHQW ORFDO GHEDWH RQ LQFUHDVHGPDVVHV DQGZHLJKWV KDV
VKRZQ WKDW VRPH FRPPRQ PLVFRQFHSWLRQV UHJDUGLQJ ORQJHU DQG KHDYLHU YHKLFOHV KDYH OLWWOH VFLHQWLILF
EDVLV DQG LQ PDQ\ FDVHV ORQJHU DQG KHDYLHU YHKLFOHV FDQ RIIHU EHWWHU SHUIRUPDQFH LQ NH\ DUHDV WKDQ
H[LVWLQJYHKLFOHVRIFRQYHQWLRQDOGHVLJQ

7KHRSWLPXPFDUJRGHQVLW\UHVXOWVVKRZHGWKDWORQJHUDQGKHDYLHUYHKLFOHVDUHVOLJKWO\PRUHIOH[LEOH
LQWHUPVRIDFKLHYLQJSD\ORDGHIILFLHQF\DVYHKLFOHVZLWKDORZRSWLPXPGHQVLW\DUHUHVWULFWHGWRFDUU\LQJ
YHU\ ORZGHQVLW\ IUHLJKW ,Q WHUPVRISURGXFWLYLW\ LW LVYHU\FOHDU WKDW LQPRVWFDVHV ORQJHUDQGKHDYLHU
YHKLFOHV FRQVXPH OHVV IXHO DQG HPLW OHVV &2 SHU XQLW RI WUDQVSRUWHG IUHLJKW WKDQ W\SLFDO YHKLFOHV RI
FRQYHQWLRQDO GHVLJQ ,Q UHODWLRQ WR WKH WKUHH (06 FRPELQDWLRQV ZKLFK FXUUHQWO\ KDYH SRWHQWLDO IRU
LQWURGXFWLRQWRWKH(XURSHDQURDGQHWZRUNLWLVFOHDUWKDWLQFUHDVLQJJURVVPDVVWRWRQQHVSURYLGHVWKH
ODUJHVWEHQHILWVLQWHUPVRISURGXFWLYLW\DQGHPLVVLRQVHIILFLHQF\

:KLOHWKHORZVSHHGVZHSWSDWKSHUIRUPDQFHRIWKHYHKLFOHVLQGLFDWHGWKDWORQJHUDQGKHDYLHUYHKLFOHV
KDYHKLJKHU UHTXLUHPHQWV IRU URDGVSDFH WKLVGRHVQRWPHDQ WKDW ORQJHUYHKLFOHVDUH LQKHUHQWO\XQVDIH
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RQO\WKDWWKHLULQWURGXFWLRQVKRXOGEHOLPLWHGWRDUHDVRIWKHURDGQHWZRUNZKLFKKDYHEHHQLQYHVWLJDWHG
DQGGHWHUPLQHGDVEHLQJFDSDEOHRIVDIHO\DFFRPPRGDWLQJWKHP7KLVLVDSDUWLFXODUFRQFHUQIRUWKHURDG
QHWZRUN LQ (XURSH KRZHYHU WKHUH DUH LQQRYDWLYH VROXWLRQV DYDLODEOH LQ WHUPV RI GHVLJQ LQFOXGLQJ WKH
DUUDQJHPHQWRIVWHHUHGWUDLOHUD[OHVZKLFKPD\KHOSWRDGGUHVVWKHVHSUREOHPV

.H\ILQGLQJVRIWKHVWXG\RIG\QDPLFVDIHW\DQGSHUIRUPDQFHLQGLFDWHGWKDWLQVRPHFDVHVORQJHUDQG
KHDYLHU YHKLFOHV DUH DEOH WR DFKLHYH VLPLODU DQG LQ VRPH FDVHV EHWWHU UHVXOWV DV SUHVHQWO\RSHUDWLQJ
YHKLFOHVRIFRQYHQWLRQDOGHVLJQ

$ VLPLODU FRQFOXVLRQ ZDV UHDFKHG WKURXJK WKH DVVHVVPHQW RI WKH LPSDFW RI YHKLFOHV RQ SDYHPHQW
VXUIDFHV/RQJHUDQGKHDYLHU YHKLFOHFRPELQDWLRQV VKRXOGEH UHJDUGHGDVDYLDEOHPHWKRGRIDFKLHYLQJ
SURGXFWLYLW\ JDLQV WR KHOS UHGXFH FRQJHVWLRQ FDQ EH FRQVWUXFWHG WR EH VDIH DQG GHOLYHU HFRQRPLF DQG
HQYLURQPHQWDOEHQHILWVDQGLIVXIILFLHQWD[OHVDUHSUHVHQWZLOOQRWUHVXOWLQH[WUDGDPDJHWRLQIUDVWUXFWXUH

,Q WKH QHDU IXWXUH LW LV FRQVLGHUHGSUXGHQW WKDW D VSHFLDO URDGQHWZRUNEHGHILQHGZKHUH ORQJHU DQG
KHDYLHUYHKLFOHVFDQ VDIHO\RSHUDWH7KHGHWHUPLQDWLRQRI WKH VXLWDEOH URDGQHWZRUNZRXOGDOVR LQFOXGH
PHDVXUHV WRDGGUHVVRWKHUFRQFHUQVUHJDUGLQJ WKH LQWURGXFWLRQRI ORQJHUDQGKHDYLHUYHKLFOHV VXFKDVD
UHYLHZRIWKHFDUU\LQJFDSDFLW\RIEULGJHV9LDWKHDSSOLFDWLRQRIDGYDQFHGWHFKQRORJLHVFDUHIXOSODQQLQJ
DQG DSSURSULDWH SROLF\ LPSOHPHQWDWLRQ WKHUH DUH YHU\ IHZ LVVXHV WKDW FDQQRW EH DGHTXDWHO\ DGGUHVVHG
7KLV DSSURDFK LV RIWHQ VXPPHG XS ZHOO E\ $XVWUDOLDQ WUDQVSRUW SUDFWLWLRQHUV ³)LW WKH YHKLFOHV WR WKH
URDGVDQGWKHURDGVWRWKHYHKLFOHV´

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$SSHQGL[$9HKLFOHWDUHZHLJKWVXVHGLQWKHFDOFXODWLRQV
,QHYDOXDWLQJWKHµSURGXFWLYLW\¶RIYHKLFOHFRPELQDWLRQVWKHUDWLRVRISD\ORDGWRHPSW\ZHLJKWDQG
SD\ORDGWRWUDQVSRUWHGYROXPHDUHRISDUWLFXODULQWHUHVW$WDEOHRIWKHWDUHXQODGHQPDVVHVRIHDFK
LQGLYLGXDOYHKLFOHXQLWLVVKRZQLQ$SSHQGL[

7DEOH$,QGLYLGXDOYHKLFOHXQLWWDUHPDVVHV
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